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RESULTS OF THE GEMINI PHASE I CENTRIE'UGE PROGRAM 

n 

(ENGINEERING EVALUATION AND PILOT FAMlLIARlZATION) 

SUMMARY 

The r e s u l t s  of this  program, conducted a t  Johnsvi l le ,  Pennsylvania 
during the  per iod of Ju ly  1, 1963 through August 2, 1963, ind ica te  t h a t  
t he  present  Gemini cockpit  displays and cont ro ls  configuration p e r t i n e n t  
t o  launch and r e e n t r i e s  are s a t i s f a c t o r y  (with a f e w  minor exceptions).  
The Gemini reent ry  con t ro l  problem presented no d i f f i c u l t y  t o  t h e  p i l o t .  
The general ized lunar reent ry  acce lera t ion  p r o f i l e s  had no s i g n i f i c a n t  
e f f e c t  on t h e  p i l o t  o r  on h i s  performance. 

. 

INTRODUCTION 

This r epor t  presents  major r e s u l t s  of t h e  Gemini I Centrifuge Program 
conducted a t  t h e  United S t a t e s  Naval A i r  Development Center ' s  Aviation 
Medical Acceleration Laboratory, July 1, 1963 through August 2, 1963. 
The general ized Lunar reent ry  phase of t h e  program u t i l i z i n g  the Gemini 
cent r i fuge  f i x t u r e  is included i n  Appendix A. 

The program w a s  conducted by t h e  Spacecraf t  Operations Branch per -  
sonnel of F l i g h t  C r e w  Support Division, Manned Spacecraft  Center, Houston, 
wi th  the a s s i s t ance  of personnel of the McDonnell Aircraft Corporation 
(MAC) and t h e  Naval A i r  Development Center. 
vided s u i t  support and t h e  Center Medical Operations Office provided med- 
i c a l  support f o r  t h i s  program. 

C r e w  Systems Division pro- 

The cent r i fuge  and associated McDonnell A i rc ra f t  Corporation and 
NASA equipment simulated t h e  command p i l o t ' s  pos i t i on  of t h e  Gemini space- 
c r a f t  (configurat ion as of Ju ly  1, 1963). 
necessary f o r  t h e  p i l o t  t o  perform the  requi red  t a sks  during launch and 
r een t ry  were ac t ive .  

The cont ro ls  and d isp lays  

The objec t ives  of the  program were: 

1. To perform an engineering evaluat ion of Gemini spacecraf t  cock- 
p i t  hardware c r i t i c a l  t o  launch and reent ry .  

2. Famil iar ize  p i l o t s  w i t h  t y p i c a l  Gemini launch and reent ry  acce l -  
e r a t i o n  p r o f i l e s  and associated tasks. 
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3. Evaluate prototype Gemini pressure suit under acceleration loads. 

4. To study the possible adverse effects on the pilot sustained 
high acceleration loads that could conceivably be encountered 
during a Lunar Reentry into the earth’s atmosphere (see 
Appendix A. ) 

NOTATIONS AND SYMBOLS 

k; 

P 

9 

r 

s 

il 

maximum spacecraft diameter, ft 

gravitational acceleration, ft/sec 2 

altitude, ft 

time rate of change of altitude, ft/sec 

moment of inertia about spacecraft X axis, slug - ft 
moment of inertia about spacecraft Y axis, slug - ft 
moment of inertia about spacecraft Z axis, slug - ft 

2 

2 

2 

Computed acceleration in each axis, ft/sec 2 

computed total acceleration, ft/sec 2 

mass of spacecraft, slugs 

spacecraft roll rate about spacecraft X axis, rad/sec 

spacecraft pitch rate about spacecraft Y axis, rad/sec 

spacecraft yaw rate about spacecraft Z axis, rad/sec 

time rate of change of p ,q , r ,  rad/sec 

dynamic pressure, lb/ft 

2 

2 

reference area used in computing aerodynamic forces 

and moments, ft 2 

spacecraft velocity component in x dii-ection, f i / sec  
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1 -  

V 

W 

'a 

a Y 

7 
L1 a 

"r 

spacecraf t  ve loc i ty  component i n  Y d i r ec t ion ,  f t / s e c  

spacecraf t  ve loc i ty  component i n  z d i r ec t ion ,  f t / s e c  

t o t a l  veloc i-ty component, f t / s e c  

aerodynamic force i n  X d i r e c t i o n ,  lb 

aerodynamic force i n  Y d i r ec t ion ,  l b  

aerodynamic force i n  Z d i r ec t ion ,  lb 

t o t a l  angle of a t t a c k  between free stream ve loc i ty  
and X ax i s ,  rad 

t o t a l  angle between f r e e  stream ve loc i ty  and z a x i s ,  
rad 

f l i g h t  pa th  angle, rad 

r o l l  angle  used i n  aerodynamics, rad 

conventional eu ler  angles  measured between moving 
e a r t h  axes and spacecraf t  axes,  rad 

d isp lay  drive angles measured between moving e a r t h  
axes and spacecraf t  axes, rad 

angular  ro t a t ion  of cent r i fuge  arm - rad/sec 

APPARATUS AND EQUIPMENT 

The referenced r epor t s  ( references 1 and 2 )  def ine  t h e  t r a i n e r  
s p e c i f i c a t i o n s  and operat ion,  equations of motion, t a s k  descr ip t ion ,  
sequence of events and o the r  pe r t inen t  material necessary t o  f u l l y  i m -  
plement t h e  evaluat ion and f ami l i a r i za t ion  p o r t  ion of t h e  program. 
Figures  1, 2, and 3 are photographs of t h e  t ra iner  i n s t a l l e d  i n  t h e  
cent r i fuge  gondola. Several  controls  and d isp lays  were s t a t i c  and 
i c s t a l l e d  fsr ~ ~ i i i ~ ~ e t z f i e a a  and reailsiii. 
plays cons is ted  of t he  following. 

'i"rie ac t ive  con t ro l s  and d i s -  

Controls 

1. Ejec t ion  seat I'D" r i n g  

2. Abort handle 
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3. Atti tude c o n t r o l l e r  

4. Boost i n s e r t  switch 

5.  Retro switch 

6. P i l o t  ready switch ( i n s t a l l e d  only f o r  t h i s  program) 

7. Atti tude con t ro l  s e l ec t ion  switch (RATE CMD and DIRECT CMD 
func t ions)  

Command Astronauts Main Panel 

1. 1111 a t t i t u d e  and r a t e  ind ica tor  

2. Event t imer 

3 .  Stage I Engine underpressure l i g h t  

4. Stage I1 Engine underpressure l i g h t  

5. Staging l i g h t  

6. Stage I tank pressure  gages ( f u e l  and o x i d i z e r )  

7. Stage I1 tank pressure  gages ( f u e l  and o x i d i z e r )  

8. Longitudinal Accelerometer 

Center Panel and Pedestal  

1. Fair ing JEW switch 

2. SEP SPCFT t e l - l i gh t / swi t ch  

3 .  O2 high r a t e  t e l - l i gh t / swi t ch  

4 .  BTRY PWR t e l - l i g h t  

5. RCS te l - l igh t / swi tch  

6 .  SEP OAMS l i n e s  t e l - l igh t / swi tch  

7. SEP ELEC t e l - l i gh t / swi t ch  

3. SEP ADAPT t e l - l i gh t / swi t ch  

J. ARM AUTO RETRO t e l - l i gh t / swi t ch  

. 
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10, MAN FlRE RETRO switch 

11. START COMP te l - l igh t / swi tch  

In order  t o  provide t h e  most r e a l i s t i c  s imulat ion poss ib le ,  small 
changes i n  t h e  sequence of events from those spec i f i ed  i n  reference 1 
were required.  Therefore, a revised sequence of events f o r  each complete 
case is given i n  Appendix B. Exceptions a r e  cases  6 and 7 which were 
r e e n t r i e s  only. 
freedom simulation due t o  computer l i m i t a t i o n s  a t  t h e  Aeronautical  
Computer Laboratory a t  NADC. 
and r e p e a t i b i l i t y ,  t h e  time r a t e  of change of a l t i t u d e  (fi) w a s  programed 
for  a l l  r e e n t r i e s .  
f l i g h t  displays and consequently presented a r e a l i s t i c  c o n t r o l  t a s k  f o r  
spacecraf t  dynamics. 
mechanize t h e  simulation. 

It w a s  not possible  t o  mechanize a f u l l  six-degree of 

In order  t o  achieve t h e  desired r e l i a b i l i t y  

P i l o t  cont ro l  inputs  w e r e  c losed loop with respec t  t o  

Appendix D contains  t h e  equations of motion used t o  

PROCEDURES 

A t o t a l  of seven cases were simulated during t h i s  program and a r e  
summarized below. A complete sequence of events f o r  t h e  f i rs t  f i v e  cases  
i s  included i n  Appendix B. 

1. A normal launch acce lera t ion  p r o f i l e  with a normal, modulated 
l i f t  reentry.  

2. An abor t  s i t u a t i o n  occurring below 70,000 f t .  (T = 8 5 ) .  

3 .  An abor t  s i t u a t i o n  occurring j u s t  p r i o r  t o  s tag ing  (T = 145 
seconds) with a maximum l i f t  reentry.  

4. An abor t  s i t u a t i o n  occurring j u s t  a f t e r  s tag ing  (T = 150) with 
a maximum l i f t  reentry.  

3. An abor t  s i t u a t i o n  occurring j u s t  p r i o r  t o  in se r t ion  (T = 325 
w i t h  a maximum l i f t  reentry.  

/- u. A r een t ry  represent ing  the h ighes t  abor t  r een t ry  acce lera t ion  
Load ( r u i n g  a maximwn iifi p r o f i l e )  iiiat ccjuici u c c w  w i i i i  an 
abor t  along t h e  nominal launch f l i g h t  pa th  and a ve loc i ty  of 
14,800 FPS. 

7. A maximum l i f t  r een t ry  represent ing t h e  acce le ra t ion  loads 
equal t o  t h e  design l i m i t  of t he  Gemini spacecraf t  (15 g ) .  
The i n i t i a l  condi t ions were a ve loc i ty  of l9,OOO ITS and a 
f l i g h t  pa th  angle of 7.6". The i n i t i a l  ve loc i ty  condi t ion of 



1̂ .,000 FPS w a s  chosen because above t h i s  ve loc i ty  t h e  r e e n t r y  
becomes heat  c r i t i c a l  r a t h e r  than ' g '  c r i t i c a l .  A 7.6' f l i g h t  
angle w a s  chosen because it required a 5.46" deviat ion from t h e  
nominal f l i g h t  pa th  angle  ( y  = 2.19') t o  achieve the  peak re-  
entry a c c e l e r a t i o n  load of 15 g ' s .  

The p i l o t  had t h e  opt ion of u t i l i z i n g  e i t h e r  t h e  rate command o r  
The majori ty  of t h e  runs were the  d i r e c t  c o n t r o l  modes of operation. 

made using t h e  d i r e c t  c o n t r o l  mode because t h e  r a t e  command illode repre-  
sented a f a i r l y  simple t a sk .  

Figures 4 through I 2  represent  t y p i c a l  recorded d a t a  f o r  each case 
Figures 4, 5 ,  6, 7 and 8 show d i f f e r e n t  normal re- during the  program. 

e n t r i e s  from o r b i t .  Each f i g u r e  r ep resen t s  a d i f f e r e n t  impact po in t .  
F-igure 9 i s  an a b o r t  r e e n t r y  i n  which t h e  a b o r t  w a s  i n i t i a t e d  j u s t  p r i o r  
t o  s taging ( T  = 145 seconds). Figure 10 is a n  abor t  r een t ry  i n  which 
t h e  a b o r t  was i n i t i a t e d  j u s t  p r i o r  t o  i n s e r t i o n  (T = 327 seconds).  
Figure 11 is the  worst case abor t  r e e n t r y  that could occur assuming an  
abor t  a t  14,800 FPS along t h e  nominal launch f l i g h t  path.  
shows t h e  spacecraf t  design l i m i t  abo r t  r een t ry  (INITIAL condi t ions of 
V = lC),OOG IPS, y = 7.6"). 

Figure 12 

7acI o f  t,! t: i'i:;iires sl-ows complete ~ ~ e ~ ~ i i - i e s .  Ceiie,.sll., i :twicl!es 
The rerorded are not shown because a l l  launch p r o f i 1 . e ~  were t h e  same. 

da t a  for earh run w a s :  

1. Computed t o t a l  acce le ra t ion ,  aT 

2. Computed acce le ra t ion  i n  each a x i s ,  ax,ay,aZ 

3. Measured acce le ra t ion  i n  each a x i s ,  ax,ay,aZ 

J+. Dynamic pressure,  

5. T o t a l  ve loc i ty ,  VT 

o. Alt i tude ,  h 

'{. Angle of a t t a c k ,  a 

3 ,  Fuel consumption, percent  

R o l l  Rate, p 

1@. Pitch r a t e ,  q 

11. Yaw r a t e ,  r 
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12. 

13- 

14. 

15 - 
16. 

17 

18. 

Spacecraft  v e l o c i t y  component i n  Y d i r e c t i o n ,  v 

Spacecraft v e l o c i t y  component i n  Z d i r e c t i o n ,  K 

Aerodynamic roll angle,  7 

Roll d i r e c t o r  needle pos i t i on  ($ Actual - $ Command - p )  

S t i c k  p o s i t i o n  i n  a l l  t h r e e  axes 

Control torque i n  each a x i s  

Spacecraft  a t t i t u d e s  

DISCUSSION OF RESULTS 

Three p i l o t s  p a r t i c i p a t e d  i n  t h e  engineering evaluat ion po r t ion  of 
t h e  program. Each p i l o t  wore the  latest Gemini prototype pressure s u i t s  
and ind iv idua l ly  contoured sea t s .  Runs were accomplished with t h e  s u i t s  
both pressurized and unpressurized. Twelve p i l o t s  p a r t i c i p a t e d  i n  t h e  
f a m i l i a r i z a t i o n  runs, however, only two p i l o t s  p a r t i c i p a t e d  i n  cases  6 
and 7. Table I gives  a complete t abu la t ion  o f  s t a t i c  and dynamic runs 
f o r  each p a r t i c i p a n t  i n  t h e  program. This table  a l s o  gives  t h e  run con- 
d i t i o n s ,  t h a t  is, con t ro l  mode, s u i t  condition, which were complete runs, 
and which were "reentry only" runs. 

Each p i l o t  w a s  debriefed upon completion of h i s  scheduled series of 
runs. Appendix C presents  a l i s t  of t h e  questions asked each p i l o t .  
following paragraphs summarize the p i l o t  deb r i e f ing  comments, wi th  p r i -  
m a r y  emphasis on comments made by the t h r e e  engineering evaluat ion p i l o t s .  

The 

Hand con t ro l l e r .  - A s  o r i g i n a l l y  designated and i n s t a l l e d  t h e  Gemini 
hand c o n t r o l l e r  required 28 in-lbs torque f o r  f u l l  de f l ec t ion  (&lo0) i n  
t h e  p i t c h  and r o l l  axes and 12.5 in-lbs torque f o r  f u l l  d e f l e c t i o n  (&lo0)  
i n  t h e  yaw ax i s .  
a x i s  t o  8.5 in - lbs  torque for f u l l  d e f l e c t i o n  i n  t h e  yaw a x i s ,  and 21 in- lb  
torque  i n  t h e  p i t c h  and r o l l  axes. Greater s a t i s f a c t i o n  w a s  then expressed 
wi th  t h e  design and operation of t h e  c o n t r o l l e r  i n  a l l  modes of operat ion 
a, ,v im- ---- -- I L L g  sccllti-j;, P i l o t  C B i i S e r i s u s  was t h a t  t h e  handle g r i p  should b e  in -  
d i v i d u a l l y  contoured. 

These torques were reduced approximately 25% i n  each 

Eject ion seat and support (pressure s u i t  runs only).  - General d i s -  
s a t i s f a c t i o n  w a s  expi-essed with the backboard contours used during t h i s  
program. The "D" Ring was not evaluated s ince  it was undergoing redesign 
a t  t h e  t i m e .  Some blocking of the head rest w a s  required t o  p o s i t i o n  t h e  
head properly with respect  t o  t h e  back and t h e  panel. Calf supports and 
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hee l  s t i r r u p s  were t o o  s m a l l  and prevented f e e t  and l egs  from being re- 
s t r a i n e d  properly.  

Res t r a in t  system.- A un ive r sa l  r e s t r a i n t  harness w a s  used f o r  t h i s  
program; therefore ,  no v a l i d  evaluat ion of t h e  r e s t r a i n t  system w a s  
obtained. 
p i l o t  comments concerning these  i t e m s  were than t h e i r  design and opera- 
t i o n  w a s  s a t i s f ac to ry .  

However, buckles and l a t ches  were spacecraf t  hardware and 

Pressure s u i t . -  The latest personal  f i t t e d  Gemini prototype pressure  
sui ts-were used f o r  t h e  engineering eva lua t ion  runs.  
s u i t s  were considered s a t i s f a c t o r y .  
f i t t i n g  of t h e  s u i t  t o  t h e  ind iv idua l  p i l o t  under pressur ized  s u i t  con- 
d i t i o n s .  In add i t ion ,  some r e s t r a i n t  i n  mobi l i ty  w a s  experienced, par -  
t i c u l a r l y  mobil i ty  of t h e  wrist, under pressur ized  s u i t  condi t ions.  

Generally,  t h e  
Some problems were encountered with 

Other con t ro l s  and d i sp lays . -  All o the r  con t ro l s  and d i sp lays  were 
adequate and func t iona l ly  s a t i s f a c t o r y  under acce le ra t ion  loads.  
f e l t  t h a t  the abor t  handle should be made l a r g e r .  D i s sa t i s f ac t ion  w a s  
expressed with t h e  manual r e t r o f i r e  procedure. 
t h a t  t he  l e f t  s e a t  (command) p i l o t  reach over t o  t h e  sequence panel  wi th  
h i s  l e f t  hand t o  i n i t i a t e  r e t r o f i r e  or t h a t  t h e  second p i l o t  ( r i g h t  s e a t )  
i n i t i a t e  r e t r o f i r e .  The o the r  and obviously undes i rab le  a l t e r n a t i v e  w a s  
f o r  t h e  command p i l o t  t o  remove h i s  r i g h t  hand from t h e  a t t i t u d e  con- 
t r o l l e r  t o  i n i t i a t e  a manual r e t r o f i r e .  

It w a s  

This procedure requi red  

Di s sa t i s f ac t ion  w a s  expressed with t h e  s c a l i n g  of t h e  f l i g h t  d i r e c t o r  
needles f o r  r een t ry  c o n t r o l  ( 5  degsees p e r  second f u l l  s c a l e  i n  a l l  t h r e e  
axes) .  
t h ree  axes ea r ly  i n  t h e  program, which w a s  found t o  be more s a t i s f a c t o r y  
for a l l  reent ry  cases .  The FDI's were not  a c t i v e  during launch. 

The s c a l i n g  w a s  increased t o  10' per second f u l l  s c a l e  i n  a l l  

CONCLUDING REMARKS 

In  conclhsion it can be s a i d  t h a t  t h e  c o n t r o l  t a s k s  f o r  t h e  acce le ra -  
t i o n  p r o f i l e  s t u d i e s  presented no d i f f i c u l t y .  
second i n  a l l  axes on the  FDI appeared adequate f o r  t h e  r een t ry  c o n t r o l  
t a s k .  
sure  s u i t - s e a t  i n t e r f ace  t o  provide g r e a t e r  p i l o t  comfort and mobi l i ty .  

The s c a l i n g  of 10" p e r  

F ina l ly ,  more design work needs t o  be accomplished wi th  t h e  p re s -  
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ENGINEERING EVALUATION 

TABLE I .- 
RUN TABULATION 

DYNAMIC STATIC 
38 27 

E NGlNEERl NG E VALUATION 
(PILOTS A.6.C SUITED) 

FAMILIARIZATION 88 

RUN TABULATION 
FAMlLl AR IZATION 

(PILOTS D THROUGH Q IN SHIRT-SLEEVES) 

72 

NOTES: 

1. C-COMPLETE RUN 
2. R- RE-ENTRY RUN 
3. TOTALS 

. 
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TABLE E. 
RUN TABULATION 

GENERALIZED LUNAR RE-ENTRY 

NOTES: 
1. PILOT "A" MADE RUNS IN PROTOTYPE GEMINI 

PRESSURE SUIT IN "SUIT- SOFT CONDITION" 
2. X-NO ARM SUPPORT 
3. +-ARM SUPPORT 
4. PROBLEM 1-80 1st PEAK 
5. PROBLEM2-6g 1st PEAK 
6 PROBLEM 3-iw is' PEAK, 6.70 PLATEAU 
Z PROBLEM 4-100 1st PEAU, 9.50 @PEAK 
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Figure 1. - Gemini gondola i n s t a l l a t i o n  
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APPENDIX A 

GEXlERALlZED LUNAR REENTRIES 

A b r i e f  Generalized Lunar Reentry Program cons i s t ing  of four  lunar 
r een t ry  p r o f i l e s  was accomplished u t i l i z i n g  t h e  Gemini f i x t u r e .  
(Figures 13-17. ) 
information concerning p i l o t  a b i l i t y  t o  perform a combination r a t e  damp- 
ing and a t t i t u d e  con t ro l  t a s k  while under sus ta ined  high acce le ra t ion  
loads and t o  obta in  p i l o t  comments concerning discomfort ,  b lackouts ,  

e t  ce te ra .  

out  t h i s  program. 

The ob jec t ive  of t h i s  program w a s  t o  ob ta in  prel iminary 

1 A constant  back angle  t o  force  vec tor  of 8-" w a s  used through- 
3 

The lunar  r een t ry  t a s k  cons is ted  of a r a t e  damping problem i n  p i t c h  
and yaw tha t  w a s  t ime dependent upon ' g '  for both o s c i l l a t i o n  frequency 
and amplitude, and a bank angle  con t ro l  t a s k  t h a t  w a s  independent of 
acce lera t ion .  The d i r e c t  c o n t r o l  mode w a s  used f o r  t h i s  program. 
following descr ibes  t h e  con t ro l  t a s k :  

The 

P i t c h  a x i s  4 = CosK at  - K q + p i t c h  s t i c k  input 1 2 

Yaw a x i s  1 = C o s K  w t  - K r + yaw s t i c k  input  2 2 

Where : 

$ = Const = .O5 

K~ = Const = .0435 

w - Angular v e l o c i t y  of cen t r i fuge  arm 

Roll a x i s  = + roll s t i c k  input  

(Control ler  response about a l l  axes = 10 deg/sec2 upon 25% d e f l e c t i o n  of 
s t i c k .  

Displays : 

"lie i n i t i a l  condi t ions displayed on t h e  a t t i t u d e  b a l l  were: 

$d = 180" 
a 0" 

Y = 180" 



The a t t i t u d e  ba l l  displayed o s c i l l a t i o n s  due t o  p i t ch ,  rol l - ,  and yaw 
rates, p lus  a constant p i t c h  r a t e  corresponding approximately t o  t h e  cen- 
t r a l  angle t raversed during t h e  reentry.  
r e c t o r  needles displayed p i t c h  and yaw r a t e s  with f u l l  s ca l e  d e f l e c t i o n  
corresponding t o  55 degrees/second. 
t h e  needles. The Rol l  Director Needle displayed mixed r a t e s  and a t t i t u d e  
e r r o r  according to:  

The p i t c h  and yaw f l i g h t  d i -  

Rates were damped by "f lying t o "  

@ Actual - $ Command - P 

Roll. command w a s  generated from a t r i a n g l e  funct ion generator a t  a 
frequency of 0.02 cps. 
of 180". 
t o  a roll e r r o r  of 20' o r  20' per second and w a s  nul led by "f lying t o  
t h e  needle ,"  
Study. One p i l o t  made h i s  se r ies  of  runs using a Gemini prototype pres-  
sure  s u i t .  
conditions.  A t a b u l a t i o n  of runs made is given i n  Table 11. Figures 13 
through 16 give a t y p i c a l  run f o r  each problem. 

$d command var ied  k80" from t h e  n u l l  pos i t ion  
F u l l  s c a l e  d e f l e c t i o n  of t h e  Roll Director  Needle corresponded 

. Four p i l o t s  par t ic ipa ted  in  t h e  Generalized Lunar Reentry 

The remaining p i l o t s  made t h e i r  runs under " s h i r t  sleeve" 

Shown are: 

All 
d i d  they 
any kind 

Roll R a t e  
P i t c h  Rate 
Yaw Rate 
Roll Atti tude 
P i t c h  Att i tude 
Yaw At t i tude  
Measured Accelerations a 

Computed Acceleration ax 
x 7 ay az 

p i l o t s  reported no d i f f i c u l t y  i n  cont ro l l ing  these  r e e n t r i e s  , nor 
experience any s igni f icant  v i s u a l  problems , pain,  or problems of 
while undergoing the  l o n g  durat ion ' g '  loads. 
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APPENDIX c 

GEMINI CE3lTRIFUGE PROGRAM - PHASE I 

ORAL DEBRIEFIXG QUESTIONNAIRE 

P i l o t  Date Time 

Run Nwnber(s) 

R u n  Conditions 

Hand Control ler  

1. Is t h e  hand c o n t r o l l e r  pos i t ioned  properly f o r  t h e  r een t ry  task? 
If t h e  answer is no, comment. 

2. Is t h e  hand c o n t r o l l e r  properly shaped? Lf t h e  answer i s  no, 
comment. 

3.  Comment on the " fee l"  of c o n t r o l l e r  operation. Include i n  
your comments the  following items: 

a. Breakout fo rce  during s t a t i c  operat ing conditions.  

b. Breakout force  during dynamic operat ing conditions.  

c. Control ler  fo rce  gradient  ( i . e .  pounds of fo rce  pe r  degree 
c o n t r o l l e r  d e f l e c t  ion). 

d. Control ler  "dead band" i n  rate command and d i r e c t  command 
con t ro l  modes. 

4. a. Did t h e  con t ro l l e r  tend  t o  bind or  hang up? When? 
Suggest ions and comments. 

b. Did you acc identa l ly  cross-couple con t ro l  inputs? When? 
Si.iggestions or comments. 

5.  Comment on t h e  con t ro l l e r  operat ion d w i n g  r een t ry  acce lera t ion .  
Was t h e r e  a tendency f o r  t h e  c o n t r o l l e r  t o  f a i l  t o  center  during 
the  dynamic runs? 
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6. Comment on any add i t iona l  con t ro l l e r  problems encountered under 
"Hard Su i t  I' operat ing conditions.  

7. Any add i t iona l  comments or problem with the  hand con t ro l l e r .  

E,j ec t ion Seat and Support 

1. Evaluate t h e  general  comfort of the  seat during dynamic runs. 
S t a t i c  runs? Any p a r t i c u l a r  po in ts  of discomfort? Where? 

2. Did you experience any cramps? Where? 

3.  Did a l e g  or arm go t o  s l eep  on you? Which one? 

4. Is the  "D" r i ng  operat ion s a t i s f a c t o r y ?  Are stowing and s a f e t y  
procedures sa t i s f ac to ry?  Any problems? Suggestions. 

5. How do you rate comfort as a funct ion of time? 
condition? Sof t  s u i t  condition? 

li? hard s u i t  

6. Any suggested changes i n  t h e  egress  k i t ,  pe lv i c ,  o r  backboard 
contour? What? 

R e s t r a i n t  Sys tern 

1. Did the  s t r aps  a f fo rd  ample r e s t r a i n t ?  If no, where? Suggestions, 

2. Did you t r y  t o  loosen or t i g h t e n  s t r a p s  yourse l f?  Any problems? 

3. Did you not ice  any head movement during dynamic runs? Comment. 

4. Did any of t h e  s t r a p s  bind o r  cause discomfort? 
ones? Comments. 

If yes ,  which 

Pressure Sui t  

1. Did t h e  s u i t  produce any discomfort under s t a t i c  condi t ions? 
Dynamic conditions? 
If' so ,  what and where? 

Pressur ized  under dynamic condi t ions? 
Any o t h e r  comments or suggestions? 

2. Any d i f f i c u l t y  i n  maneuvering during per iods of pressur ized  
s u i t  operat  ions? Unpressurized s u i t  operat ions? 



Control Displays and Tasks 

1. Comment on t h e  r e a d a b i l i t y  and proper  loca t ion  of pe r t inen t  
d i sp lays  during launch and r een t ry  acce le ra t ion  loads,  Any 
problems? Lf so, explain. 

2. Comment on t h e  loca t ion  of a l l  malfunction de tec t ion  system 
disp lays  pe r t inen t  t o  the  launch phase. Any suggestions? 

3. Comment on t h e  following: 

a. Abort handle loca t ion  and operation. 

b. Secondary guidance switch loca t ion  and operation. 

e. Maneuver handle loca t  ion and operat  ion. 

4. Comment on launch procedures and retro-grade and reent ry  
sequences and procedures. Any problems? Any suggestions? 

5. Comment on tasks .  Are these  r e a l i s t i c ?  Any problem areas? 
Suggestions for improvements? 

Any comments o r  suggestions not covered by any of t h e  above questions.  
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APPENDIX D 

G E M I N I  REENTRY EQUATIONS 

u = v cos T %  

Y 
ir = pw - ru + 2 m + cos e s i n  (g - y) 

( 9 za Fs = qu - pv + m  + cos e cos # g - R 

xa = $5 cx 

za = $3 CN cos 7-l 

ki s i n  y = - 
vT 

d z - 7  
vT 

s i n  QT = 

cos PT = M 

v t a n  =; 

'a - a c o s  c[T + m  cos p T - g s i n  y 'T - m 

('y - 'z). Control Torque + E 121 cN sin 7 )  sr 5 qr + 4r I $ =  

(7 1 

c 

8 

E 



I 

c c2q 

2vT 

m q  ( s L p r + s  
IY IY 

G =  

) C o n t r q  Torque - 0.121 Cx - 0.388 CN COS 7 + 

Control Torque + 0.588 CN s i n  

Euler Angles 

$ = p + \Ir s i n  o 

i, = q cos @ - r s i n  # 

3 =  r cos # + q s i n  @ 
COS e 

Gyro Angles 

- cos @ - r s i n  @ 
cos \y 

iG - 

i, = q s i n  # + r cos @ 


